Introduction: Coronary artery disease (CAD) is one of the most common causes of death worldwide. In 2010, about 7 out of total 53 million deaths were due to ischemic heart disease. The aim of this study is to evaluate the relationship of serum bilirubin level with the severity and complexity of coronary artery disease (CAD) in the patients undergoing primary percutaneous coronary intervention (PCI). Materials and Methods: 70 patients with STEMI who were undergoing primary PCI were included in the study. All the patients included in the study were subjected to full routine investigations and standard coronary angiographic projections. Total bilirubin level was measured and the patients were divided into two groups. Group 1 was with serum TB (<1 mg/dl) and Group 2 was with serum TB (>1 mg/dl). Severity and complexity of coronary artery lesions will be assessed using Gensini score. Results: After PCI, the two studied groups were compared regarding the number of vessels affected by one and more than one vessel disease.
Introduction
Coronary artery disease (CAD) is one of the most common causes of death worldwide. In 2010, about 7 out of total 53 million deaths were due to ischemic heart disease [1] .
Atherosclerosis is the disease primarily responsible for most acute coronary syndrome (ACS) cases. Approximately 90% of myocardial infarctions (MIs) result from an acute thrombus that obstructs an atherosclerotic coronary artery.
Plaque rupture and erosion are considered to be the major triggers of coronary thrombosis [2] .
MI is diagnosed when either of the following two criteria is met [3] . 1) Symptoms of ischemia.
2) New or presumed new significant ST-Segment-T wave (ST-T) changes or new left bundle branch block (LBBB).
3) Development of pathologic Q waves on the ECG. 4) Imaging evidence of new loss of viable myocardium or a new regional wall motion abnormality.
5) Identification of an intracoronary thrombus by angiography or autopsy.
Primary PCI, defined as percutaneous catheter intervention in the setting of STEMI without previous fibrinolysis, is the preferred reperfusion strategy. It has replaced fibrinolysis in patients with STEMI, provided it can be performed in a timely manner in high-volume PCI centers with experienced operators and 24 h/7 days week catheterization laboratory activation [4] .
Bilirubin, a product of heme metabolism, was later observed to possess: Vasodilatory, anti-oxidant, anti-inflammatory, anti-mutagenic, immune modulatory, anti-proliferative and anti-apoptotic on vascular cells [5] . It has also been suggested to have a lipid-lowering effect by reducing plasma and low-density lipid peroxidation [6] . By virtue of these properties, bilirubin was hypothesized to have a protective effect in coronary artery disease (CAD) [7] .
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Studies have shown that different forms of circulating bilirubin and its precursor, biliverdin, have the ability to remove the reactive forms of oxygen. They also prevent the oxidation of low-density-lipoprotein particles and monocyte chemotaxis all which are considered as stages of atherosclerosis [8] .
Although various main risk factors have been identified for atherosclerosis, including hypertension (HTN), hyperlipidemia, diabetes mellitus (DM), smoking, etc., it seems that there are other factors increasing the chance of CAD [9] .
However, there are other factors, like plasma bilirubin level, with protective and preventive properties against coronary atherosclerosis [10] .
Higher serum bilirubin levels were associated with good collateral development as compared to poor collateral development (0.80 ± 0.27 mg/dL vs 0.53 ± 0.19 mg/dL, p < 0.001). These findings suggest a possible protective effect of elevated serum bilirubin levels against myocardial ischemia in patients with chronic total coronary occlusion with collaterals limiting infarct size and providing additional blood flow to the ischemic area [11] .
According to Wei et al. (2012) , a significant inverse correlation between CAD and total bilirubin (n = 1260) in patients who underwent coronary angiography [12] .
The Aim of Work
The aim of this study is to evaluate the relationship of serum bilirubin level with the severity and complexity of coronary artery disease (CAD) in the patients undergoing primary percutaneous coronary intervention (PCI).
Materials and Methods
• 70 patients with STEMI (more than 2 contiguous leads with ST segment elevation of 2.5 mm or more in male <40 years, 2 mm or more in male >40 years, or 1.5 mm in female in leads v2 -v3 and/or 1 mm or more in other leads) who will undergo primary PCI were included in the study after taking informed consent.
• Exclusion Criteria:  Malignancy.
 Those who had an alcohol abuse history.
 Severe heart failure (EF ≤ 30%).
 Acute coronary syndrome in the past three months.
 Kidney problem (creatinine > 2 mg/dl).
 Erythrocyte diseases.
 Connective tissue diseases.
 Chronic liver diseases.
• All the patients included in the study will be subjected to full history, full examination, twelve leads ECG and routine laboratory tests including CBC, KFTS, LFTS, lipid profile.
• The clinical features, coronary angiographic findings and treatments will be World Journal of Cardiovascular Diseases collected when the patients were admitted into the hospital.
• Total bilirubin level was measured by the standard method of photometry in the serum of all patients and then the patients were divided into two groups, according to their bilirubin levels: patients with high total bilirubin (>1 mg/dl) and the patients with a low level total level (≤1 mg/dl) [13] .
• All these patients will receive a loading dose of 325 mg aspirin and 600 mg clopedrogril. Maintenance dose: 150 mg clopedrogril for one week, then 75 mg clopedrogil, according to their stent type [14] .
• All of them subjected to left heart catheterization LCA & RCA will be visualized in different projection. Once lesion identified, revascularization attempted.
• Successful PCI was defined as achieving TIMI 3 flow after primary angioplasty [15] .
• Severity and complexity of coronary artery lesions will be assessed using Gensini score.
• The Gensini score will be calculated for each patient from the coronary arteriogram by assigning a severity score to each coronary stenosis according to the degree of luminal narrowing and its geographic importance [16] .
• According to Gensini severity score, a severity coefficient will be given for each segment (0, 1, 2, 4, 8, 16, or 32 according to the degree of stenosis) and the importance of the segment was rated (5 for the left main trunk to 0.5 for the most distal segments). Consequently, total digital Gensini scores were obtained that indicated the severity of CAD [17] . 
Result
The studied population was divided into two groups according to their total bi- Table 1 ).
The two groups were studied according to risk factors (HTN /DM /Smoking).
The most commonly observed risk factor was DM (45 patients 69%). The least factor was smoking (37 patients 52%). By comparison, there was no significant relationship between both groups regarding risk factors (Table 2) .
Patients were classified according to their presentation. The most commonly observed presentation was anterior STEMI (39%), then inferior STEMI (34%).
The least was isolated posterior STEMI (4%) ( Table 3) .
After PCI the two studied groups were compared regarding the number of vessels affected to one & more than one vs disease. Single vessel disease (culprit VS) was frequent in Group 2 (71%) more than Group 1 (48%). More than one vessel were less in Group 2 (29%) than Group 1 (52%) with significant p value (0.003) ( Table 4 ).
The two studied groups were compared according to KFTS, CBC, cardiac, liver enzymes and lipid profile as shown in Table 5 . There was no difference in KFTS & CBC. But, there was a difference in cardiac enzymes (troponin I) which was more in Group 1 (S. Bil < 1) with significant p value (0.02), also (ALT, AST) were more in Group 1 (p value = 0.01).
All study population had detailed transthoracic echocardiogram. The Follow- (Table 6 ).
GENSENI score was calculated to all study population. Classified to three groups mild form of CAD (0 -23), Moderate CAD (24 -53) & severe CAD (>54). Most studied population had a severe form of CAD (59%). As shown in Table 7 .
As shown in Figure 1 , there was a significant difference between both groups as GENSENI was more in Group 1 (S.TB < 1) than Group 2 (S.TB > 1) with mean (80.35 vs 34.71). Significant p value (0.0001).
As shown in Table 8 there was highly significant negative correlation between serum bilirubin & GENSENI score (r = −0.762, p value 0.0001).
Complications during & post PCI were studied in both groups as shown in Table 9 . Among 70 patients, 54 patients (67%) had developed a complication in the form of ventricular arrhythmias, cardiogenic shock, aborted cardiac arrest, death & heart failure. By comparing the two studied groups regarding (incidence of complications), incidence was more in Group 1 (S.TB < 1) than in Group 2 (S.TB > 1), which means a significant difference between both groups with significant p value (0.0001). Arrhythmia was the most frequent complication (37%) followed by heart failure (16%) then cardiogenic shock (14%). The least were aborted cardiac arrest (7%) & death (2%).
As shown in Table 10 , there was a significant negative correlation between serum bilirubin & incidence of complications (R = −0.38, p value 0.001).
As shown in Table 11 , there was a significant negative correlation between GENSINI score, complication and bilirubin among both groups (r: −0.762\−0.38) with p value (0.0001\0.001) respectively. Figure 1 . Comparison between the two groups regarding GENSENI score.
Discussion
Cardiovascular disease, mainly acute myocardial infarction is the most common
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cause of mortality in developed countries and accounts for up to one-third of all deaths worldwide [18] . The remarkable prevalence of cardiovascular diseases in today's society high lights the necessity of the identification of risk factors and screening of vulnerable individuals in using preventive and treatment methods.
Although the pathogenesis of atherosclerosis has not been thoroughly investigated, oxidative stress and DNA damage induced by oxidized low-density lipoprotein (LDL) cholesterol and by diet-induced hypercholesterolemia contribute to the progression of atherosclerosis [19] . Therefore, antioxidants are thought to serve a protective role against atherosclerosis and coronary artery disease by preventing the oxidative modification of LDL cholesterol [20] .
Bilirubin is a potent antioxidant under physiological conditions and suppresses the oxidation of lipids and lipoproteins. Thus, bilirubin has been demonstrated in vitro to prevent plaque formation and subsequent formation of atherosclerosis [21] . Several mechanisms have been attributed to anti-atherogenic property of bilirubin. The first protective effect of bilirubin relates to the antioxidant property of bilirubin, which prevents lipid oxidation, especially Lowdensity lipoprotein (LDL), and inhibits free radical-induced damages.
In 2013, Stojanov et al. reported cardio protective effects of increased levels of bilirubin in 628 healthy subjects. The subjects were 442 men and 186 women aged 18 to 52 years. They divided the subjects into two groups based on levels of bilirubin. Subjects with level below the upper limit of reference were classified as "low bilirubin" (≤0.95 mg/dL in women and ≤1.4 mg/dL in men) and those with a value above the upper limit of reference were classified as "high bilirubin".
Men with high bilirubin concentration (>1.4 mg/dL) had higher concentration of albumin and uric acid (p < 0.001) and lower level of oxidized LDL (p < 0.05).
In females, high bilirubin (>0.95 mg/dL) was associated with significantly higher albumin (p < 0.05) and lower thiobarbituric acid-reacting substances (TBARS) (p < 0.05). These findings support the evidence of an anti-oxidant effect of bilirubin secondary to inverse association with ox-LDL and anti-inflammatory effect secondary to direct correlation with albumin, which is a negative acute phase reactant in inflammatory response [22] .
It was observed that serum bilirubin was significantly negatively associated with incident hyper LDL cholesterolemia in a health screening population [23] .
The profound hypocholesterolemia and hypotriglyceridemia found in a murine model of hyperbilirubinemia (Gunn rat) suggest that an increase in serum bilirubin levels may decrease serum levels of cholesterol and triglycerides [24] .
The second protective effect relates to the anti-complement and anti-inflammation properties of bilirubin. This effect is introduced through different forms of bilirubin including direct bilirubin [25] .
In regard to our study, there was significant inverse relationship between serum total bilirubin and severity of CAD by angiographic assessment with Genseni score as patients in Group 1 (serum T.B < 1) had higher Genseni score in The same result was observed by Akboga et al. (2015) who conducted a study evaluating anti-inflammatory properties of bilirubin. In a retrospective crosssectional study, they included 1501 patients who underwent coronary angiography. They divided them into three groups based on Gensini scores: No CAD (control group, n = 380), mild CAD (n = 497) and severe CAD (n = 624), with the objective of establishing anti-inflammatory effects of bilirubin in addition to its anti-oxidant effects. A significant inverse correlation between total bilirubin and C-reactive protein (r = −0.112, p < 0.001), neutrophil to lymphocyte ratio (r = −0.070, p = 0.026) and red cell distribution width (r = −0.074, p = 0.027) was observed. These findings helped establish anti-inflammatory properties of bilirubin in addition to their anti-oxidant effects. They also reconfirmed the inverse association of bilirubin with CAD severity (spearman's rank correlation coefficient (r) = −0.173, p < 0.001) [26] .
In another study, 221 patients who were evaluated for CAD by coronary angiography showed a moderate but significant positive correlation between direct bilirubin levels and the Gensini score (r = 0.158, p = 0.019). However, no such significant correlation was demonstrated between total bilirubin and the Gensini score. This study was limited by its small sample size (n = 221) [27] .
Also in our study, we found that there was inverse relationship between serum bilirubin and the number of affected vessels as patients in Group 1 had more affected vessels than Group 2 (52% vs. 29%, p value 0.003).
The same result was obtained by Taban Sadeghi et al. (2015) who evaluated the relation between serum bilirubin levels with coronary diseases based on angiographic findings, a significant difference was observed between verge total bilirubin levels in two groups: patients with normal angiography & with 3 vessels involved, A reverse relation was observed in this study between total bilirubin levels, number of vessels affected, the severity of stenosis and type of coronary vessel [28] . Wei et al. (2012) also showed similar results with a significant inverse correlation between CAD and total bilirubin (n = 1260) in patients who underwent coronary angiography [12] . 
In our study, there was no significant relation between serum bilirubin and studied risk factors like (HTN, DM & smoking).
Unlikely Taban et al. (2015) who reported that total bilirubin concentration was slightly higher in smokers (1.24 ± 0.08) compared with non-smokers (1.24 ± 0.03), but the difference was not significant (p = 0.31) [28] . Endler et al. (2003) however, reported that total bilirubin concentration was significantly lower in smokers as compared to non-smokers, in contrast to our study [30] .
In the present study, there was a significant difference regarding (EF) between both groups which was less in Group 1 (S.TB < 1) than Group 2 (S.TB > 1) mean EF (47.94 vs 58.33 regarding Groups 1 & 2 in order), with significant p value (0.0001). Also by comparing LVESD between both groups, it was more increased in Group 1 than Group 2, mean LVESD (37.62 vs 34.29), with significant p value (0.0006).
Complications during & post PCI were studied in both groups. Among 70 patients, 54 patients (67%) had developed a complication in the form of ventricular arrhythmias, cardiogenic shock, aborted cardiac arrest, death & heart failure. By comparing the two studied groups regarding (incidence of complications), incidence was more in Group 1 (S.TB < 1) than in Group 2 (S.TB > 1), which means a significant difference between both groups with significant p value (0.0001).
Arrhythmia was the most frequent complication (37%) followed by heart failure (16%) then cardiogenic shock (14%). The least were aborted cardiac arrest (7%) & death (2%). found that higher serum TB is a predictor of impaired pretreatment infarct related artery (IRA) patency and poor outcome after primary PCI [32] . Add to this, Baumann et al. (2016) who showed that high serum TB have prognostic association with in-hospital major adverse cardiac events (MACEs) in male patients with myocardial infarction [33] .
This association between increased total bilirubin and adverse outcome after STEMI can be explained by the effect of acute stress on the expression of heme oxygenase-1 (HO-1) enzyme with a resultant increase in its level and the level of its product bilirubin in the blood [31] [32] [33] [34] .
No significant relation was observed in reviewing the relation of MACE with serum total bilirubin level, but no major cardiac events were seen in the patients with high bilirubin levels, but were observed in the patients with low bilirubin level. Total bilirubin was not known as a predictor for MACE as well. In this regard, in Sahin et al., study in 2013, no significant relation was observed between the numbers of cardiac events in two groups with high and low bilirubin levels World Journal of Cardiovascular Diseases [35] , which is congruent with the results of study of Gul et al. (2013) revealed that number of hospital events was significantly higher in the group with high total bilirubin compared to the group with low total bilirubin [31] .
This prospective study demonstrates that the serum bilirubin SB concentration was associated with the MACE in CAD patients after PCI. The higher the concentration of serum total bilirubin, the lower the incidence of MACE including MI, ischemia, driven target-vessel revascularization, heart failure, and cardiac death after PCI.
Conclusion
An overall conclusion of the present study is that high serum total bilirubin (TB) in patients with STEMI is associated with low incidence of complications especially arrhythmia, heart failure, cardiogenic shock, increased ejection fraction (EF) and decreased number of vessels which are affected. According to GENSINI score, severity was higher as serum bilirubin decreased. TB can be used as an inexpensive and immediately obtainable blood test for the prediction of outcome in STEMI patient subjected to PCI.
